33
Thus, when conventional diagrams of isotopic ratios cannot distinguish pollution sources, coprostanol 34 may be a useful tool. 
Introduction

49
+2 to +30‰ in organic fertilizer, and +10 to +20‰ in animal waste; Kendall, 1998) , it is often difficult to 50 distinguish pollution sources due to overlapping ranges. 
82
Shimabara City is located on the northeastern Shimabara Peninsula, covering 82.8 km 2 (Fig. 1) .
83
In the northern part of the city, an alluvial fan is formed from Mt. Fugen located on the apex center of the 
121
were averaged to describe the analytic results. Samples with undetected coprostanol were treated as 0.
122
The detection limit was 1.4 ng L -1 . Analyses results were classified into four groups (Nakagawa et al.,
123
2016) and plotted in the same diagram depending on nitrate concentration. The groups were determined 124 through cluster analysis using major ion concentrations from our previous study .
125
According to this analysis, water samples can be classified into four spatial groups. The water chemistry 
136
Temporal variation was relatively small, although concentrations decreased due to dilution by rainfall, 
154
These processes indicate that coprostanol levels in the groundwater may be lower than those in sediments.
155
Writer et al. (1995) suggested that sedimentary coprostanol concentrations higher than 100 ng g -1 should 156 be a result of sewage release. González-Oreja and Saiz-Salinas (1998) stated that coprostanol levels 157 greater than 500 ng g -1 may be an indication of sewage contamination. Considering adsorption 158 characteristics of coprostanol as mentioned above, the sediment contents in the study area might be higher 159 than these criteria. To confirm this hypothesis, contents of adsorbed coprostanol in the sediments should 160 be measured in future studies.
162
3. Nitrogen and oxygen isotopes of nitrate
163
The method suggested by Kendall (1998) 
165
The data were classified into the four cluster groups according to the above and colored depending on 
186
As a further analysis, we plotted averaged coprostanol and δ 15 N in a scatter diagram (Fig. 5) .
187
The classification of the groups and coprostanol levels are the same as in Fig. 4 . As can be seen, also here 
197
According to the above, it appears difficult to identify nitrate sources using isotopes only. For 12 this reason, averaged nitrate and coprostanol concentrations were plotted in a scatter diagram (Fig. 6 ).
199
The four characteristic water quality groups according to Nakagawa et al. (2016) 
217
In this study, a methodology based on coprostanol concentrations was tested to identify the 218 source of nitrate pollution in groundwater. Using the method proposed by Kendall (1998) 
224
corresponded to the polluted sample group obtained from cluster analysis .
225
However, this polluted-cluster also included samples containing low levels of coprostanol. Chemical
226
fertilizer is likely to be the predominant source of nitrate in these low coprostanol concentration samples 227 (Hosono et al., 2013 
